ABSTRACT Seed oils of many sapindaceous plants contain substantial amounts of cyanolipids. Several of these oils stimulated aggregation of the sawtoothed grain beetle, Oryzaephilus surinamensis (L.), and the confused flour beetle, Tribolium confusum (Jacquelin duVal). In a pitfall bioassay, they attracted the sawtoothed grain beetle and the rice weevil, Sitophilus oryzae (L.), but repelled the confused flour beetle. For the most part, the four classes of cyanolipids did not attract or stimulate aggregation of these insects when tested in pure form separated from the accompanying triglycerides. When contacted, oils containing cyanolipids I or IV (or pure cyanolipids I or IV) temporarily paralyzed sawtoothed grain beetles. None of the cyanolipids produced similar effects in confused flour beetles, rice weevils, or striped cucumber beetles, Acalymma vittata (F.). vVhen incorporated into the larval diet of the European corn borer, Ostrinia nubilalis (Hiibner), cyanolipids II and IV produced severe toxicity and antipupation effects, respectively.
SOME YEARS AGO we investigated cyanolipids, a group of unusual esters consisting of long-chain fatty acids esterified with a five-carbon nitrile having one or two hydroxyl groups. Cyanolipids occur in seed oils of many sapindaceous plants; in certain cases they represent more than 50% of the oil (Mikolajczak 1977) . The structures of four classes, designated cyanolipids I, II, III, and IV, were determined. Two of these, I and IV, are based on a cyanohydrin grouping and are cyanogenic, while II and III are not cyanogenic.
Several studies have demonstrated that triglycerides and triglyceride-containing oils stimulate aggregation of certain stored product pests (Tamaki et al. 1971a ,b, Freedman et al. 1982 , Mikolajczak et al. 1983 , O'Donnell et al. 1983 . In addition, attraction (as defined by Dethier et al. 1960) of the saw'toothed grain beetle, Oryzaephilus surinamensis (L.) , to crude extracts of oats and to various volatile oat constituents has been demonstrated by Pierce et al. (1981) and by Mikolajczak et al. (1984) . Since cyanolipids, like triglycerides, in-;:orporate long-chain fatty acids, it seemed desirable to determine whether insect response is af-I This article reports the results of research only. Mention a proprietary product does not imply an endorsement or a rec, ommendation for its use by USDA.
'Fruit and Vegetable Insects Res. Lab.. ARS, USDA, Vincennes, IN 47591. fected by replacement of the glycerol moiety in triglycerides with a five-carbon hydroxynitrile moiety as found in cyanolipids.
Previous investigations in our laboratory (Freedman et al. 1979 ) revealed that two seed oils, one containing cyanolipids I (58%) and II (6%) and the other containing II (21 %), caused significant mortality of European corn borer, Ostrinia nubilalis (Hiibner), larvae. These oils were fed at a level of 1% in an artificial diet. Janzen et al. (1977) reported that three sapindaceous seed oils were lethal to the cowpea weevil, Callosobruchus maculatus (F.), larvae w,hen ingested at 1 and 5% levels in the diet. More recently, Nishizawa et al. (1983) reported the synthesis of class II and III cyanolipids; their report implied that these substances have insecticidal properties. On the other hand, Braekman et al. (1982) reported the presence of cyanolipids in larvae of Leptocoris isolata; these larvae live on fruits of a sapindaceous plant, Allophyllus cobbe. The adult bug, however, contains cyanogenic glycosides but no cyanolipids. Since the host plant fruit contains no cyanogenic glycosides, the authors infer that they are synthesized bv the insect from ingested cYanolipids. In our study, we compared the effects of cyanolipids with cyanolipid-containing oils and triglycerides from these oils on selected adult stored product insects, and also the effect of pure cyanolipids on European corn borer larvae and on striped cucumber beetle, Acalymma vittata (F.), adults.
Materials and Methods

Insect Rearing
The confused flour beetle, Tribolium confusum Jacquelin duVal, was reared on whole wheat flour mixed with 5% brev,rers' veast at 27°C and 60% RH under a photoperiod' of 16L:8D. The sawtoothed grain beetle and the rice weevil, SitophiIus oryzae (L.) , were reared under the same conditions except that rolled oats containing 5% (wt/ wt) brewers' yeast and whole-grain wheat, respectively, were the rearing media. A previous report described the rearing of the striped cucumber beetle (Reed et al. 1981) .
Bioassays
Petri Dish. The procedure used was that described by Loschiavo et al. (1963) and modified by Freedman et al. (1982) . Each bioassay was replicated four times, using 25 beetles each replicate, in darkness for 1 h at 27°C. The treated disc received 100~l of a 10% (wt/vol) solution of the test material, and the control received 100~l of solvent. Starvation periods were: sawtoothed grain beetle, 5 to 7 davs; confused flour beetle, 10 to 14 davs; and rice w'eevil, 2 to 4 davs.
Beetle responses to treated discs versus control discs were converted to "percentage of response" (Tamaki et al. 1971a) , defined as 100 (T-C)/N; T and C are the number of beetles responding to the treated and control discs, respectively, and N is the total number of insects used. Stimulated aggregation is demonstrated by a positive response, repellency by a negative value. Significance of response was determined by a X Z test, computed as
Pitfall Chamber. \Ve used a pitfall chamber as described by Pierce et al. (1981) . As in the petridish procedure, 100~l of a 10% (wt/vol) solution of the test material was applied to the paper disc; four replicates of 25 insects each were conducted simultaneously. Bioassays with sawtoothed grain beetles were terminated after 1 h, while those with rice weevils and confused flour beetles were allowed to continue for 2 h. All three experiments were conducted in darkness at 27°C. Percentage of response was calculated as above except that T and C were the numbers of insects found inside the vials containing treated and control discs, respectively. Starvation periods and the statistical treatment of data were as described for the petridish bioassav.
Europea~Corn Borer Toxicity. Rearing of larvae, bioassays, and the statistical treatment of data were conducted as previously described (Freedman et al. 1979) except that the percentage of mortality was determined after 12 days. In addition, the insects were examined 1 week later for possible pupation irregularities.
Striped Cucumber Beetle Antifeedant. Cantaloupe leaf discs were dipped separately into solutions (0.1 and 0.5% wt/vol) of each pure cyanolipid. These treated discs, as well as untreated control discs, were given to adult female striped cucumber beetles (Reed et al. 1981) . The amount of feeding by the insects was monitored at 3, 6, and 24 h.
Knockdown Effect. One sawtoothed grain beetle that had been starved for 7 days was placed in each of 20 Teflon-coated shell vials (15 by 45 mm). A filter paper disc, to which 100~l of a 10% solution of Allophyllus edulis seed oil had been applied, was suspended in each vial by attaching it to the end of a glass rod with double-faced tape. The other end of the rod was secured in a cork stopper (Vick et al. 1970) . In 10 of the vials, the disc was lowered to within 7 or 8 mm of the bottom so that it was just beyond reach of the beetle. The distance between disc and vial bottom in the other 10 vials was reduced (to about 3 mm) so that the insect could contact the discs by elevating the front portion of its body. All 20 tests were done simultaneously for 4 h in a lighted area at 25°C. Insect paralysis was taken as a positive response and the number of paralyzed insects noted.
Cyanolipid I Oil Versus Oat Oil. A. edulis seed oil (containing cyanolipid I) and rolled oat oil (0.5 ml) were each applied to separate 35-mm filter paper discs that had been centrally placed in individuall00-mm-diameter petri dishes. Unstarved sawtoothed grain beetles (n = 25) were introduced into each petri dish. Four simultaneous replicates \V'ere done under a 16L:8D photoperiod at 27°C and 60% RH. After 3, 8, 9, 10, 11, and 14 days, apparently dead beetles were removed and held separately overnight to determine if they were dead or only paralyzed.
Test Materials
Seed Oils. Finely ground seeds were Soxhlet extracted for 6 h with petroleum ether (bp, 30-60°C). Solvent was removed on a rotary evaporator at behveen 35 and 40°C.
Cyanolipids aud Triglyceride Fractions. Utilizing procedures outlined previously (Mikolajczak 1977) , each class of cyanolipid was freshly isolated from seed oil of an appropriate species (Koelreuteria paniculata, Schleichera trijuga, Stocksia brahuica, and Ungnadia speciosa) by preparative thin-layer chromatography (TLC). Triglyceride fractions, free of cyanolipids and fatty acids, were recovered by this TLC technique from the same seed oils.
Results and Discussion
Aggregation/Attraction of Stored Product Insects. Numerous investigations have demonstrated that ordinary triglycerides-in their natural state, in purified form, or synthetic-stimulate aggregation of certain stored product insects (Tamaki et al. 1971a ,b, Freedman et al. 1982 , Mikolajczak et al. 1983 ). Therefore, it was not surprising that the 
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cyanolipid-containing oils listed in Table 1 induced a similar response in the sawtoothed grain beetle, and to a lesser extent in the confused flour beetle, when tested in the petri-dish bioassay. We considered the petri-dish technique to be inappropriate for rice weevils because they can move the discs and tend to aggregate less than the other two species. In pitfall chambers, all of the oils tested attracted the sawtoothed grain beetle, and five of them attracted the rice weevil. On the other hand, four of the seven oils were significantly repellent to the confused flour beetle and onlv one oil was attractive (P < 0.01; X 2 test). . In addition to cyanolipids, sapindaceous seed oils usually contain 2 to 10% of free fatty acids. Some of these acids stimulate aggregation of stored product insects (Starratt and Loschiavo 1971 , Cohen et al. 1974 , Mikolajczak et al. 1983 , O'Donnell et al. 1983 ); therefore, we tested fatty acid-free cyanolipid and triglyceride fractions. Sawtoothed grain beetle bioassays of purified triglycerides from K. paniculata, S. trijuga, S. brahuica, and U. speciosa oils by the petri-dish method, indicated that triglycerides from all four species induced aggregation to about the same extent as the corresponding intact oils (Table 1 ). In contrast, pure cyanolipids I and II stimulated sawtoothed grain beetle aggregation minimally (Table 2) , III was repellent, and IV induced a response that was not significant. Repeating the bioassay with one-tenth as much stimulus per disc gave responses similar to those listed. The pitfall test with sawtoothed grain beetles and pure cyanolipids gave no significant responses. The overall trend in the response of the confused flour beetle and the rice weevil to pure cyanolipids is one of repellency. These data show conclusively that cyanolipids are not responsible for the stimulated aggregation and attraction associated with sapindaceous seed oils (Table 1) , especially in relation to sawtoothed grain beetles and rice weevils.
Knockdown EfIect-Sawtoothed Grain Beetle. Evidence presented in Tables 1 and 2 reveals that cyanolipids I and IV (possessing cyanogenic properties), and seed oils that contain them, produced a knockdown effect in sawtoothed grain beetles that had been starved 7 davs. After a few minutes of access to a treated disc, 'the insects became immobile, were often on their backs, and did not respond to stimuli. An identical treatment had no visible effect on confused flour beetles or rice weevils. In the petri-dish bioassay \vith sawtoothed grain beetles (Table 1) , between 50 and 90% of the beetles in the arena were knocked down. However, in the pitfall chamber, the proportion affected was slightly lower, possibly because the total number of beetles contacting the discs \vas usuallv smaller.
If aiIowed direct contact with an oil containing cyanolipid I, sawtoothed grain beetles all became immobile within 1 h. Control beetles, placed in vials so they could not reach the oil-saturated disc, 
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\V'ere unaffected. Between 4 and 24 h after being knocked down, ca. 60 to 75% of the affected beetles gradually recovered and suffered no apparent ill effects. Control insects starved for 7 days in this experiment had a 24-h mortality of 10%". Reproduction appeared normal in a culture started with recovered beetles.
Free fatty acids are found in cyanolipid-containing oils more consistently and to a greater extent than in most freshly extracted seed oils; this suggests that cyanolipid; might be more prone to slow breakdown in the seeds than are triglycerides. Since they contain cyanohydrin groupings, cyanolipids I and IV are potential HCN liberators; however, we assume that release of HCN under these conditions, if it actually occurred, would have been undetectably slow and not a factor in the knockdown. Therefore, we suggest that ingestion of cyanolipids I or IV by sawtoothed grain beetles starved for 7 days, possibly followed by rapid enzymic degradation in the insect, is responsible for the temporary paralysis of the beetles. Cyanolipids I or IV do not affect the confused flour beetle or the rice weevil; this suggests that either they do not ingest these materials, or that the cyanolipids or transformation products are not toxic to these insects.
Unstarved sawtoothed grain beetles exposed in a petri dish to A. edulis oil (containing cyanolipid I) were knocked down appreciably less often than were beetles starved for 7 days; furthermore, no significant attraction or repell~ncy was noted. After 3 days, 11 deaths had occurred in the test (A.
edulis oil) chambers but none had occurred in the oat oil chamber. Mortality of beetles in the test chamber after 8 davs was 58%, 9 days, 75%; 10 days, 81%; 11 days, "93%; and 14 day;, 100%. Inse~ts in the oat oil chambers experie~ced only 4% mortality after 14 days. Striped Cucumber Beetle Feeding Inhibitor. Until the 6 h check-point, the cucumber beetles given cyanolipid-treated leaf discs fed little compared with the controls. However, at the termination of the bioassay, there was no difference in consumption of treated versus untreated leaf discs.
These beetles suffered no observable ill effects from ingestion of any of the cyanolipids.
Toxicity to European Corn Borer Larvae. Our bioassays with European corn borer larvae demonstrated that only cyanolipid II (at 0.5% of the diet) caused significant mortality (100%) (P < 0.05; range test). Diets containing cyanolipids I, III, and IV produced mortality of 12, 12, and 6%, respectively. However, none of the larvae on cyanolipid IV diet had pupated by day 19, whereas control larvae pupated between days 12 and 15. Cyanolipid III caused a 50% reduction in pupation, and pupation of larvae on cyanolipid I diet was slightly, but not significantly, lower (at this dose) than that of control larvae. Freedman et al. (1979) reported that at 1% of the diet, Nephelium lappaceum oil (20% cyanolipid II) resulted in 70% mortality of these larvae, and that Schleichera trijuga oil, (58% I and 6% II) gave 44% mortality.
These data, along with those of Janzen et al. (1977) , demonstrate that all four cyanolipid classes are, to some degree, toxic to larvae of certain insect species at a suitable dosage. Larvicidal activity in lipophilic materials could be beneficial in terms of their application as possible insect control agents in the field. Some cyanolipid-containing seed oils are readily available; S. trijuga (Kusum) oil is a commercial item used for soapmaking in India. In addition, cyanolipids II and III may be synthesized (Nishizawa et al. 1983 ) and thus are conveniently available. We anticipate that a synthetic source~f I and IV will also soon be available.
